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Abstract 
Using a standardized fault geometry based on the Community Block Model, we create 
two analytic block models of the southern California fault system. We constrain one model with 
only geodetic data. In the other, we assign a priori slip rates to the San Andreas, Garlock, 
Helendale, Newport-Inglewood, Owens Valley, Sierra Madre, and Chino faults to create a joint 
geologic and geodetic model, using the apriori slip rates to refine the results in areas with 
limited geodetic data. 
Our results for the San Andreas fault are consistent with geologic slip rates in the north 
and south, but across the Big Bend area we find its slip rates to be slower than geologic rates. 
Our geodetic model shows right lateral slip rates of 19.8 * 1.3 d y r  in the Mojave area and 
17.3 1.6 d y r  near the Imperial fault; the San Gorgonio Pass area displays a left lateral slip 
rate of 1.8 * 1.7 mmlyr. Our joint geologic and geodetic model results include right lateral slip 
rates of 1 8.6 k 1.2 d y r  in the Moj ave area, 22.1 1.6 d y r  near the Imperial fault, and 9.5 k 
1.4 m d y r  in the San Gorgonio Pass area. 
Both models show high values (1 0- 13 * 1 mdyr)  of right lateral slip to the east of the 
Blackwater fault along the Goldstone, Calico, and Hidalgo faults. We show that substantially 
different block geometries in the Mojave can produce statistically similar model results due to 
sparse geodetic data. 
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1. Introduction 
Tectonic activity in southern California has been dominated by the San Andreas fault 
(SAF) for approximately the past 30 My (Atwater, 1970). To the northwest, near the Carrizo 
Plain and Cholarne Hills in central California, the majority (-70 %) of the -50 d y r  relative 
motion between the Pacific and North America plates is accommodated by right lateral strike slip 
movement along the SAF (Sieh & Jahns, 1984). However, further south, the trend of the SAF 
changes from a strike of approximately 320' to 290' for 160 km (Figure I), and a portion of the 
Pacific-North America relative motion is distributed throughout southern California along a 
complex network of auxiliary faults. In the Eastern California Shear Zone, e.g., these faults are 
thought to accommodate 6-12 mmlyr (9-23%) of relative motion between the Pacific and North 
American plates (Dokka and Travis, 1990b). 
To better understand the relationships among all of the faults across southern California, 
we imported the CBM and CFM fault traces (Plesch and Shaw, 2004) into the blocks_spl 
program developed by Meade and Hager (2005) to create a kinematic block model of the area. 
We have further constrained the block model by including several a priori geologic slip rates 
along selected faults. Our results give estimates for many slip rates throughout southern 
California and can be used to estimate seismic hazard in the area. 
Other block models have been applied to southern California tectonics in the past. Bird 
and Rosenstock (1984) used a planar geometry and hand-fit (rather than inverted) the model with 
respect to geologic data. Cheng et al. (1 987) created a 12-block model using Bird and 
Rosenstock's geologic data as well as USGS trilateration data, resulting in a slip rate estimate of 
20 mmlyr (lower than most previous estimates) as well as 6 mmlyr of crustal shortening across 
the SAF in the Transverse Ranges. 
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Figure 1: General view of our model in southern California, highlighting the San Andreas fault (SAF) in red. 
The solid black lines in the center of the image indicate the general trend of the surface trace of the SAF and 
the change in fault orientation at the latitude of the Mojave area. 
Bird and Kong (1 994) created a thin plate finite element model using the N W E L -  1 plate 
model and tested its estimates against geologic slip rates, principal stress directions, and 
trilateration and VLBI data. Souter (1998) inverted geologic slip rate estimates, then used a 
forward model to compare the estimates with geodetic data. This model was expanded upon by 
Meade and Hager (2005) who adapted Souter's work into an inverse model to calculate slip rate 
estimate from geodetic data. 
Because we have used the same software as Meade and Hager (2005) to create our 
model, comparing the results of the two models can provide some insight into the strengths and 
weaknesses of blocks-spl. The program uses a weighted least squares inversion of a closed, 
spherical block geometry and a velocity field to estimate block rotations around Euler poles and 
to calculate slip rates along the block boundaries. The inversion can be further constrained by 
assigning an apriori slip rate to any fault. 
Viscoelastic effects in the model are accommodated by locking depth and slip rate. In 
general, a deeper locking depth will incorporate strain from a greater distance (Meade and Hager, 
2005). Blocks_spl calculates the elastic contribution to a velocity field. It assumes negligible 
coseismic strain release, and the geodetic velocity field represents the interseismic strain 
accumulation. The program first inverts the data into a set of rotation vectors by minimizing the 
sum of the weighted least squares, then uses the rotation vectors to create slip rate estimates 
along the faults. To reduce distortion, each fault is subdivided into segments such that no 
segment is longer than 10 krn. Then, each small segment is locally projected onto a plane so that 
the fault trace is approximately equivalent to its great circle path. The elastic deformation is 
modeled within this projection, velocity contributions for each subsegment are combined, and 
the results are rotated back into the original orientation (east, north, up). 
Meade and Hager apply blocks-spl to create a purely geodetic kinematic model of 
deformation in southern California including 25 blocks bounded by 149 fault segments. The fault 
segments have an average length of 76.0 km. Each fault segment is assigned two endpoints, a 
dip, a locking depth, and a burial depth. 
Our model differs from Meade and Hager's both in fault geometry and in geologic 
constraints. Faults are taken from the Community Block Model (CBM) and the Community Fault 
Model (CFM), and while similar in some respects to Meade and Hager's faults, they produce 
many different slip rate results when geodetically modeled with blocks-spl using the same 
velocity data. Additionally, when our model is constrained by both geodetic and geologic 
constraints, it produces results that are more realistic than a purely geodetic model. The 
Community Block Model (CBM) replaced the fault geometries within the Mojave region of 
Meade and Hager's model. The main differences between the two models in this area are our 
division of Meade and Hager's Blackwater and Eastern Mojave blocks into the Blackwater, 
Calico, Avawatz, and Eastern Mojave blocks, as well as our locations of the Blackwater, Calico, 
Goldstone, and Avawatz faults. 
The slip rates inferred from our model can provide useful data for seismic hazard 
analysis. Although the fault geometries in this model are much simpler than their real-world 
counterparts, they are specific enough to give realistic general estimates for slip rates along the 
faults. Additionally the model can be used to see the relationship between faults, e.g. an apriori 
slip rate can be assigned to a fault, which will in turn have an effect on the slip rate results for 
nearby faults. 
2. Community Block and Fault Models 
The primary region under consideration in the model is southern California, specifically 
the area bounded by (39N, 237E) and (31N, 246E) (Figure 1). Within this area, Plesch et al. 
(2004) have developed the Community Fault Model (CFM) as an effort toward a unified 
structural representation of the fault system in southern California (Figure 2). Additionally, 
Plesch et al. have created a Community Block Model (CBM) that uses the dominant faults of the 
CFM as guidelines to divide southern California into a series of adjacent tectonic blocks (Figure 
Figure 2: (From Plesch and Shaw, 2004) Perspective view of the SCEC Community Fault Model (CFM 
version 2). Seismicity is denoted by small colored points and is taken from Hauksson (2000). 
Figure 3: Adapted from the Community Block Model (Plesch and Shaw, 2004). North is oriented toward the 
top of the page. The 11 blocks with white stripes indicate blocks that exist in the CBM but have been merged 
with surrounding blocks in our model. Our model subdivides the lime green Coastal Ranges block in the 
northwest into 3 blocks; our model also contains an additional block to the east of the Avawatz and Ludlow 
faults in the Mojave area. 
Figure 4 shows our model, derived from the CBM and containing 3 1 blocks: Avawatz 
(AW), Baja @A), Big Pine (BP), Blackwater (BW), Calico (CA), Coastal Islands (CI), Coastal 
Ranges (CR), Death Valley (DV), Eastern Mojave (EM), Elsinore (EL), Helendale (HD), Little 
Lake (LL), Los Angeles (LA), Mojave (MJ), Nevada (NV), North America (NA), Oak Ridge 
(OR), Owens Valley (OV), Pacific (PA), Palos Verdes (PV), Pinto (PI), Salton Sea (SS), San 
Bernardino (SB), San Diego (SD), San Gabriel (SG), Santa Rosa (SR), Santa Susana (SU), Sierra 
Madre (SM), Sierra Nevada (SN), Ventura Basin (VB), and White Wolf (WW). 
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F d t  Selection: HI - Hidalgo PM - Pinto Mtn 
A - Avawatz HM - Hunter Mtn PN - P h t  Vly 
E - Blackwater HS - H o s g d a n  S k o n  FM - Red Mtn 
CB - Coronado Banks L - Little Lake SA - San Andmas 
CL - Coyote Lake LU - L u d l ~ ~  SC - San Clementa 
CS - Coastal Range LH - Lockhart SI - Skxra Madre 
DE - Death Vly NF - North Frontal Sf - San Jacinto 
E - E h i n o ~ ~  NI - Newport-Ingbood SL - San Gabriel 
FC - F w e  Creek O - Oceawide SN - S k m  Nevda 
G - Garlock OA - Oakndgr! SO - Santa Monica 
GS - Goldstom OW - Owens Vly ST - San Captann 
H - HoLer PA - Palos V e h s  SZ - Santa Rosa 
HE - HehrudaEe PH - Pwnte HIIIs W - White Wolf' 
1.2 243 244 245 
Bbck Selection: LA - Los AWLS SR - Santa Rosa 
AW - Bvavatz MJ - Mojave SU - Santa Swam 
BA - Baja NV - Nevada SM - Sierra Madm 
EP - Big Pintl NA - North Amrircra SN - Siena Nevada 
BW - Elarkwater OR - Oakridge VB - Ventura Bask 
CA - Calico OV - Owens Valley WW - White Woll 
CI - Coastal Islwds PA - Pacific 
CR - Coastal b s  PV - Palos V e h s  
DV - Death V&y PI - Pinto 
EM - Eastern Mojave SS - Salton Sea 
EL - ELinow SB - Sari Bemardino 
HD - Heledah SD - San Diego 
LL - Little Lake SG - San Gabriel 
Figure 4: Fault and Block Selection. Faults are labeled in yellow ovals; blocks are labeled in white rectangles. 
The fault label legend is located in the lower left corner, and the block label legend is in the lower right 
corner. Fault segments are drawn in blue, and dipping faults have gray rectangles indicating dip direction. 
The Pacific coastline is shown in black. North is oriented toward the top of the page. 
2.1 Fault Selection 
Our fault selection is based on the CBM. Within the Mojave area (south of the Garlock 
fault and east of the SAF), we used segments imported directly from the CBM (Figure 5). 
Outside of the Mojave area, the CBM segment locations were unavailable. However, using 
visualization provided by the LA3D viewing tool (Southern California Earthquake Center, 2005) 
as well as the perspective view of the CBM (Figure 3), we were able to deduce the faults to use 
as boundaries for our blocks and import them directly from the CFM. Additionally, using these 
resources, we were able to estimate the locations of the segments connecting the CFM faults, 
creating a closed block geometry. Our fault segments average 14.0 km in length (before the 
segments are subdivided by blocks_spl). The CFM faults are somewhat complicated and contain 
a series of many small fault segments (-3-4 km length), while the CBM faults are longer (-1 6- 17 
km) and more generalized. We used the CFM and CBM because they provide a control group 
(equivalent block geometries) to compare our results to the results of other modeling schemes. 
2.2 Deviations from the CBM and CFM 
Our model has slight deviations from the CBM geometries because the CBM contains 
several small blocks with limited velocity data. The perspective view of the SCEC CBM displays 
36 tectonic blocks on the surface (over 75 blocks when including those that are located below the 
surface) of southern California using the CFM faults as guidelines for block boundaries. In areas 
where velocity data is sparse, we have merged blocks, reducing the number of southern 
California blocks to 27. 
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Figure 5: The Mojave area of our model.   he fault segments in this area (shown in blue) are longer and more 
generalized than faults throughout the rest of southern California because they are taken from the CBM 
rather than the CFM (Plesch and Shaw, 2004). The selected block boundaries in the Mojave area are 
delineated by the San Andreas, Garlock, Helendale, Lockhart, North Frontal, Pinto, Hidalgo, Calico, 
Blackwater, Goldstone, Coyote Lake, Avawatz, and Ludlow faults. Dipping faults have gray rectangles in the 
direction of dip. 
The block bounded by the Helendale and Lenwood faults (shown in maroon with white 
stripes in Figure 3) contained only one velocity station, and the resulting geodetic model showed 
the block moving northwest at a rate of -4 6 mmlyr with respect to the surrounding blocks 
(right laterally along the Lenwood fault and left laterally along the Helendale fault), as if the 
other blocks were squeezing it out of the way (Figure 6). We merged this block with its neighbor 
to the northeast to create a single block bounded by the Helendale, Lockhart, Garlock, 
Blackwater, Calico, Hidalgo, and East North Frontal faults. Similarly, the Pinto Mountain fault 
I 
was dividing our San Bernardino block, causing the northern portion to contain no velocity data 
points and the southern portion to contain very few. The resulting slip rates from a model 
containing both blocks showed a very high right lateral slip rate along the Pinto Mountain fault, 
with correspondingly high uncertainty. Unrealistic slip rates with high uncertainty are 
characteristic results of blocks with few or no velocity data points. We eliminated the Pinto 
Mountain fault within this block, effectively merging the two portions to create our San 
Bernardino block. The other blocks that have been combined displayed similar characteristics to 
the merged blocks in the Mojave and were dealt with accordingly. 
Strike slip rates 
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Figure 6: Strike slip results for a geodetic model that includes the block bounded by the Helendale and 
Lenwood faults, which contains only one velocity station (stations indicated by small black circles). In this 
model, the block is moving toward the northwest at approximately 4 mmlyr with very high uncertainty. The 
high uncertainty and unlikely behavior of the faults surrounding this block are characteristic model results 
for blocks with very few enclosed velocity stations. 
Figure 7: Our preferred made1 geometry in the San Bernrrdbo Mountains area. The sm 11 circles indicate 
locations of velocity stations. The proximity of the stations near bigbend1 and bigbend2 1 t ad to a more 
realistic slip rate (le. reduced left lateral motion) along the San Andreas fault, uruing os/to choose Meade 
and Hager's bigbnd segments over P k h  and Shrrw's Burnt Mo~iatain ~ m e n t s .  I 
One of the blocks with limited velocity data, the San Bernardino block (Figure 7), was 
found to produce a left-lateral slip rate along the SAF using a geodetic inversiv model. 
Assuming the rigbt lateral motion of the SAF to be the dominant tectonic factor in the southem 
California fault system, we chose to adopt a block geometry that would provide a close match to 
the CBM while 7 .  maximizing - . -  the right lateral slip of the SAF - San Bernardino. We replaced the 
CFM Burnt Mountain fault with Meade and Hager's bigbendl and bigbend2, which resulted in a 
reduction of the left lateral slip values for most of the SAF segments. The proxpty of the 
velocity stations to the edge of the block was the primary factor in obtaining q r e  reasonable 
results near this block. Given the small number of velocity stations available om this block, the 
I 
block geometry proved an important factor in the slip rate results; Meade and Hager's geometry 
produced the more favorable set of slip rates. 
2.3 Additional blocks 
Because blocks_spl calculates block rotations on a sphere, our model includes enough 
blocks to encompass the entire earth. In addition to the 27 southern California blocks in our 
model, we have included four exterior blocks: Nevada, the Pacific plate, the North American 
plate, and the rest of the world. The 27 southern California blocks include two block divisions 
that are not included in the CBM. 
2.3.1 Coastal Range 
The Coastal Connect segment was added to divide the block encompassing the Coastal 
Range into two pieces. Without the Coastal Connect segment, the residual velocities in the area 
suggest that a structure may be missing from the model (Figure 8). Residual velocities in the 
Coastal Range block are high and can give some insight into the behavior of the block within the 
model. The southeast portion of the block appears to have residual vectors toward the south and 
southwest, while the residual velocities in the northwest portion are headed toward the north and 
northeast. The residual velocities within the block imply a clockwise rotation that is not 
accommodated by the model. If the Coastal Connect segment is included, the residual velocities 
become two sets of counterclockwise vectors, rather than one set of clockwise vectors. 
Including the Coastal Connect segment reduces the &DOF of the model by over 15%. 
Because the separation of these two blocks produces a statistically more accurate result than 
leaving them together, the model suggests that deformation may exist that is not expressed as a 
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Figure 8: Residual velocities from a geodetic model which does not contain the Coastal Connect segment that 
separates the Coastal Range block from the Big Pine block. Our selected location of the Coastal Connect 
segment is indicated by the dashed red line. 
discrete fault in this region. We have chosen an approximate location of the deformation using 
Meade and Hager's Coastal Range Connect segment as a guideline, but given that t ere is no F 
local fault trace to use as an obvious block boundary, the deformation may be distributed more 
widely across the Coastal Rgge and Big Pine blocks than can be - delimited by a simple block 
1 
boundary. 
Figure 9: Residual velocities from a model that does not include the Holser fault segment (shown as a dashed 
line). The residual vectors are high in this area and are reduced with the inclusion of the Holser segment. 
2.3.2 Holser Fault 
In addition to the Coastal Connect division, the Coastal Range block was further divided 
with the Holser fault segment. Without the Holser segment, the residual velocities on either side 
of the presumed location of the Holser segment are apparently headed in opposite directions 
(Figure 9). Adding the Holser segment reduces the ~ / D O F  of the model by over 2% and halves 
the local residual velocities. 
2.3.3 Eastern Mojave 
We have included an Eastern Mojave block to the east of the Avawatz and Ludlow faults. 
This block was included in earlier versions of the CBM and is present within the LA3D block 
model (Southern California Earthquake Center, 2004). We find that removing this block from 
our model increases our YIDOF and results in a normal sense of dip slip along the Avawatz 
fault, as well as left lateral motion along the Blackwater fault. The Eastern Mojave block 
provides a buffer zone between the intersection of the Mojave region, Nevada, and North 
America, and it improves the fit of our global block model. 
3. Methodology 
3.1 Geologic Slip Rates 
Our goal was to determine if we could find a model that is consistent with both geodetic 
and paleoseismic data. To make the model conform to paleoseismic data, we imposed long-term 
geologic slip rates as additional a priori constraints to the geodetic inversion. 
We selected slip rates for the Newport-Inglewood, San Andreas - Carrizo Plain, Garlock, 
Helendale, Owens Valley, Chino, and Sierra Madre fault zones (Table 1). 
Fault Slip Rate (mmlyr) Source 
Newport-Inglewood (north) 1.8 k 0.5 Fischer & Mills (1 991) 
San Andreas - Carrizo Plain 33.9 k 2.9 Sieh & Johns (1984) 
Garlock 6.5 2.5 McGill & Sieh (1 99 1) 
Helendale 0.8 =t 0.5 Dokka & Travis (1 990a) 
Owens Valley 2.0 1 .O Wesnousky (1 986) 
Chino 0.4 =t 0.1 Walls & Gath (2001) 
Sierra Madre 0.8 k 0.4 (dip slip) Walls (200 1) 
Table 1: Selected a priori slip rates for joint inversion of geologic and geodetic data. All slip rates refer to 
right lateral slip, with the exception of Garlock (left lateral) and Sierra Madre (thrust). 
Our slip rates were taken from the Southern California Fault Activity Database (FAD) 
(Southern California Earthquake Center, 2003). Because many of our fault segments are small, 
we have chosen geologic slip rates that have been measured in the field at specific longitude- 
latitude coordinates to ensure that our a priori constraints have been assigned to the proper 
location. The high detail of our fault segments causes many of the segments to be oriented in a 
direction different from the general trend of the faults they represent; to reduce the error in 
assigning an apriori slip rate to a fault with an improper strike orientation, we prefer rates whose 
location coordinates correspond with specific fault segments in our model. Additionally, the slip 
rates are selected such that the constrained faults are distributed across a wide range of the map 
area. Of the rates in the FAD, our selected slip rates represent the subset that can fulfill these 
requirements. 
We have also included geologic constraints for the SAF - San Gorgonio Pass and the 
North Frontal fault zone. The velocity data in the block located south of the North Frontal fault 
zone is very limited, leading to geodetic results that include left lateral strike slip rates along the 
SAF and very high rates of thrusting on the North Frontal fault zone (Figure 10). Slip rate 
measurements in this area are limited, although Harden and Matti (1989) used alluvial fan offsets 
to estimate a slip rate of 1 1-35 d y r ,  with a preferred rate of 2 1-3 1 mdyr .  The behavior of the 
SAF in this area is not well-known, but given the behavior of the rest of the fault, it is highly 
unlikely that the SAF is moving left laterally. To accommodate these factors, we gave the SAF - 
San Bernardino a loose geologic constraint of 10.0 1 0.0 m d y r  right lateral slip, i. e. requiring 
the fault to have right lateral slip, but allowing it to vary to whatever value will fit the model. 
Additionally, we put a loose constraint of 3.0 * 3.0 d y r  on the thrusting rate of the North 
Frontal fault zone to ensure that it maintained a reasonably low slip rate. Constraining the SAF to 
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Figure 10: San Bernardino block with selected slip rates from our geodetic model, which includes the 
bigbendl and bigbend2 segments from Meade and Hager (2005). For strike slip rates, negative values refer to 
right lateral slip and positive values to left lateral slip. The blue arrows are local residual velocities. The San 
Andreas fault moves left laterally along the southwest border of the San Bernardino block, with high thrust 
slip rates in the North Frontal fault zone as well as a high right lateral slip rate along the San Jacinto fault. 
a higher right lateral slip rate or the North Frontal fault zone to a lower thrust rate causes 
statistical problems with the model; the residual velocities become very high, and the  IDO OF 
increases by over 10%. The results of Meade and Hager (2005) also suggest that the geodetic 
data does not support a model with a high slip rate along this portion of the SAF, regardless of 
the surrounding block geometry. They hypothesize that the discrepancy could be due to a 
substantial difference in the 10-year rate (i e. our geodetic rate) and the 10,000-year rate (e.g. 
Harden and Matti, 1989); one possible explanation for this difference is that the San Jacinto fault 
and the Eastern California Shear Zone have accelerated in the late Holocene, thus 
accommodating a local SAF slip deficit (Meade and Hager, 2005). 
In addition to our chosen geologic constraints, we have included several tensile 
constraints across the model area. To avoid a checkerboard pattern of tensile constraints, i. e. 
alternating high rates of opening and high rates of closing across a series of faults that are 
understood to be strike slip, the apriori tensile slip rate was set to 0.0 k 1.0 mmlyr on the San 
Jacinto, Elsinore, Blackwater, Ludlow, Lockhart, Coyote, and Goldstone faults as well as the 
Parkfield and Mojave segments of the San Andreas fault. These constraints were used in Meade 
and Hager (2005) as well and are necessary for our model. 
3.2 Segment File 
The file used to delineate the fault segments in the model is obtained from a combination 
of the Community Block Model (CBM) and the Community Fault Model (CFM) (Plesch et al., 
2004). The CBM is used within the Mojave region, and the CFM incorporates the remainder of 
the model area. A detailed list of the fault segments in our model can be found in Appendix A. 
The faults in the CFM are of extremely high detail, which leads to an increased run time 
for our model. Because small changes in the fault geometry only affect the elastic deformation in 
the immediate vicinity of the fault, the detail of the CFM faults is unnecessary. For very small 
segments in the CFM, lines were merged to create longer fault segments. "Very small" describes 
a segment in which the change in latitude and the change in longitude total no more than 0.005". 
Additionally, when two adjacent fault segments had similar slopes, the segments were merged to 
create one longer fault segment. Eliminating these segments aids the model by decreasing the run 
time as well as reducing the number of outliers in the results, thus increasing the fit of the model 
to the data. 
4. Results 
Our results are given in Table 2. We provide slip rates for both our geodetic model and 
our joint geologic and geodetic model. Our joint geologic and geodetic model is our preferred 
model and gives slip rate estimates consistent with geologic observations throughout southern 
California, with a few glaring exceptions discussed below. 
4.1 Geodetic weighted least squares inversion 
After importing the CBMICFM segments into our model, we performed a purely geodetic 
weighted least squares inversion of the velocity data using blocks-spl. We maintained apriori 
tensile constraints of 0.0 h 1.0 mm/yr, as in Meade and Hager (2005), in order to avoid 
checkerboarding of tensile slip rates. For comparison, the slip rate results fiom Meade and Hager 
can be found in Table 3. 
One difference in the geodetic models is in the Transverse Ranges. Figure 1 1 shows the 
resulting velocity field when the residual velocities of our geodetic model are subtracted fiom the 
residual velocities of Meade and Hager (2005). Near the San Cayetano and Santa Susana faults, 
the two geodetic models produce drastically different residual velocities, evident by the -5 
mmlyr vector pointing to the northeast. The slip rates of the two models differ substantially in 
this area; our model assigns a thrust rate of 3.5 k 2.2 m d y r  to the Santa Susana fault, while 
Meade and Hager estimate a thrust rate of 12.4 h 2.5 mdyr .  
Joint Joint Joint 
Geologic1 Geologic1 Geologic1 
Geodetic Geodetic Geodetic Geodetic Geodetic Geodetic 
Strike Slip Strike Dip Slip Dip Slip Tensile Slip Tensile 
Fault Name Rate Slip Rate Rate Rate Rate Slip Rate 
Avawatz -0.4 l 4.4 1.7 k 4.3 20.0h 7.2 27.1 A 7.2 -- -- 
Big Bend -22.8 h 1.9 -18.5 * 1.8 -- -- -3.OA1.6 1.2k1.4 
Blackwater -0.6 k 0.7 -1.5 * 0.6 -- -- 0.8 h 1.5 1.8 k 1.2 
Calico -1 1.7 k 0.9 -12.8 h 0.8 -- -- 2.9h1.7 5.3h1.3 
Channel Islands -2.6 l 1.5 -2.5 k 1.5 -- -- -3.1k2.2 -3.2k2.1 
Chino -1.0 k 0.9 -0.5 k 0.8 -0.2 A 1.3 -1.3 A 0.2 -- -- 
Coastal Ranges Split -12.0 k 1.8 -1 1.2 k 1.7 -- -- 2.4 h 1.2 2.2 k 1.1 
Coronado Banks -3.6 k 2.7 -3.9 * 2.7 4.9 A 4.7 5.9 k 4.6 -- -- 
Coyote Lake -2.0 * 2.0 -6.7 * 2.0 -- -- -6.7 k 2.9 -6.9 k 2.6 
Cucamonga 0.8k1.8 2.6k1.7 3.3 l 1.5 3.5 =t 1.4 -- -- 
Death Valley -2.3 * 1.9 -1.6 1.8 -- -- -2.8k1.2 -3.9h1.1 
Elsinore -2.1k0.2 -2.1kO.l -- -- 0.1 k 0.6 0. 1 k 0.5 
Furnace Creek -2.9 k 1.4 -2.3 h 1.4 -- -- -0.2 * 0.9 -0.6 A 0.9 
Garlock West 2.2h1.7 3.1h1.5 -- -- 5.7 l 2.3 6.5 h 2.2 
Garlock Central 4.2k0.2 7.1k0.1 -- -- 2.8 k 2.3 4.2 k 1.8 
Garlock East 8.9 * 3.6 12.8 h 3.5 -- -- 1.3 h 3.3 1.7 h 3.1 
Glen Ivy South -2.lkO.l -2.1k0.1 -- -- 0.2 k 0.7 0.2 k 0.5 
Glen Ivy North -0.9k1.2 -0.7h1.1 0.9 l 1.3 -0.4 * 0.3 -- -- 
Goldstone -10.1 k 1.0 -11.3 k 1.0 -- -- -0.9 l 3.9 -1.0 k 3.8 
Helendale -2.2 l 0.9 -0.8 0.8 -- -- 0.2 * 1.2 -2.6 k 0.0 
Hidalgo -10.9 k 0.7 -12.2 k 0.6 -- -- -3.9 * 1.6 -4.0 l 1.2 
Holser 7.6k1.8 7.9k1.8 -- -- 2.9 h 2.8 2.3 h 2.8 
Hosgri - San Simeon -4.7 A 0.5 -5.0 k 0.5 5.5 h 1.4 5.4 h 1.1 -- -- 
Hunter Mountain -2.6 k 1.2 -3.2 1.1 -- -- -0.lkl.O 1.9k0.9 
Little Lake -13.9 h 2.8 -7.6 l 2.7 -- -- -2.3 k 2.9 -0.2 k 2.7 
Lockhart -2.3 l 1.1 -1.1 0.7 -- -- -0.6 A 1.2 -3.0 A 0.2 
L U ~ ~ O W  -4.7h1.5 -5.5k1.5 -- -- 2.3 A 2.2 2.1 * 2.2 
Newport - Inglewood -2.1 k 1.1 - 1.9 k 1.0 -- -- 3.9h1.2 2.0h0.3 
North Frontal Zone - 
East -0.5 k 1.5 3.4 k 0.9 16.0 It 2.3 6.1 h 1.2 
North Frontal Zone - 
West 2.2 h 2.1 4.3 k 0.6 9.8 h 2.9 1.6 k 0.7 -- -- 
Oak Ridge - Onshore 14.2 A 1.6 13.8 h 1.6 9.7 h 2.6 9.9 h 2.5 -- -- 
Oceanside -2.2 l 2.3 -2.2 h 2.3 -- -- 0.5 k 2.2 -0.3 2.1 
Owens Valley South -4.1 h 1.4 -2.6 h 1.0 -- -- -1.9kl . l  -6.4A0.9 
Palos Verdes -1.6 * 1.5 -1.3 k 1.4 -1.9 k 3.3 0.0 * 2.1 -- -- 
Panarnint Valley -2.5A1.4 -3.4k1.3 -1.1k2.5 0.2 h 2.3 -- 
Puente Hills -1.7 h 0.8 -1.7 l 0.8 1.4 k 1.1 2.6 k 0.9 -- -- 
Pinto 1.6 2.1 -1.0 k 1.9 -- -- -1.7k1.9 -4.4k1.8 
Raymond -0.4 h 1 .O 0.1 * 0.8 5.0 h 3.2 4.4 A 3.0 -- -- 
Red Mountain -4.0 1.8 -4.6 1.7 2.7 k 4.3 2.5 h 4.3 -- -- 
Rose Canyon -0.4h1.8 -0.2h1.8 -- -- 3.4k1.6 2.0k1.6 
San Andreas Fault - 
North -37.6 k 0.6 -37.7 -+ 0.5 1.4h0.4 1.1k0.4 
SAF - Parkfield I 
N.Carrizo -34.3 k 0.2 -34.1 k 0.2 -- -- 0.4 k 0.4 0.5 k 0.0 
SAF - S. Carrizo -24.4k2.1 -24.3k2.1 -- -- 4.4k2.0 5.8A1.9 
SAF - Mojave -19.8 * 1.3 -18.6 1.2 -- -- -0.3 2.0 0.0 * 1.9 
SAF-SanBemardino 1.8k1.7 -9.5k1.4 -- -- -4.9 A 2.1 0.8 k 0.6 
SAF - Salton Sea -17.3h1.6 -22.1h1.6 -- -- -0.2 1.2 0.0 k 0.9 
SAF - Imperial -38.9 * 0.8 -38.7 h 0.8 -- -- -6.7 k 0.5 -6.6 0.4 
Table 2: Results for geodetic model (blue) and for model including apriori constraints as well as geodetic data 
(black). All slip rates are in mmlyr units. A priori slip rates include Newport-Inglewood (-1.8 * 0.5 mm/yr), 
San Andreas - Carrizo (-33.9 * 2.9 mmlyr), Garlock Central (6.5 * 2.5 mmlyr), Helendale (-0.8 * 0.5 mmlyr), 
Owens Valley (-2.0 * 1.0 mmlyr), Chino (-0.4 * 0.1 mmlyr), and Sierra Madre (0.8 * 0.4 mmlyr, dip slip). 
Positive values are left-lateral strike slip and convergence. Negative values are right-lateral strike slip and 
divergence. 
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-40.9 k 5.9 
-7.8 h 1.7 
-5.4k1.9 
l . lk2 .0  
-0.6 l 1.9 
-18.8k1.0 
0.6 k 1.7 
-3.0 k 1.3 
1.2 * 1.6 
-0.6h1.8 
2.3 * 3.5 
-3.5 k 0.7 
0.4k1.6 
Fault name Strike-slip Our strike- Dip-slip Our dip- Tensile-slip Our tensile- 
rate slip rate rate slip rate rate slip rate 
(M&H) (geodetic) (M& H) (geodetic) (M&H) (geodetic) 
SAF (Parkfield) -35.5 h 0.5 -34.3 0.2 -- -- 0.1 k 0.4 0.4 k 0.4 
SAF (Carrizo) -35.4 k 0.7 -24.4 l 2.1 -- -- 2.5 h 0.4 4.4 k 2.0 
SAF (Mojave) -17.5 1.4 -19.8 1.3 -- -- -1.5 2.1 -0.3 k 2.0 
SAF (San Bernadino) -4.3 h 1.5 1.8 k 1.7 -- -- 0.4 k 1.7 -4.9 h 2.1 
SAF (Salton Sea) -22.8 * 0.5 -17.3 1.6 -- -- 1.5 h 0.6 -0.2 h 1.2 
SAF (Imperial) -36.5 k 0.6 -38.9 l 0.8 -- -- -8.5 0.5 -6.7 k 0.5 
SAF (Cerro Prieto) -40.3 f 1.5 -40.9 5.9 -- -- -4.3 f 0.4 -1.5 k 3.2 
Eureka Peak -21.4k 1.6 -- -- -- -4.3 k 1.0 -- 
Pinto Mountain 8.5 k 0.9 1.6 k 2.1 -- -- -9.3 k 1 .O -1.7 k 1.9 
San Jacinto -12.5 * 1.2 -18.8 * 1.0 -- -- 0.0 A 0.7 -0.9 k 0.8 
Elsinore -3.0 0.6 -2.1 0.2 -- -- -0.9 * 0.7 0.1 h 0.6 
Rose Canyon -0.5 k 2.5 -0.4 * 1.8 -- -- 1.1 k2.0 3.4 k 1.6 
Oceanside -1.8 f 3.2 -2.2 2.3 -- -- 2.8 k 2.8 0.5 k 2.2 
Coronado Bank -4.8 A 3.0 -3.6 A 2.7 -- 4.9k4.7 0.1h1.9 -- 
San Clemente -3.6A1.6 -5.4A1.9 -- -- -2.9 h 0.9 -3.3 k 1.3 
Hosgri -4.0 l 0.6 -4.7 l 0.5 -- 5.5 1.4 0.7 * 0.6 -- 
Agua Blanca -8.5 h 2.7 -- -- -- 1.1 A 1.6 -- 
Newport - Inglewood - 1.0 k 1.7 -2.1 h 1.1 -- -- 0.5 k 1.3 3.9 h 1.2 
Palos Verdes -3.4h1.4 -1.6k1.5 -- -1.9h3.3 3.6k1.5 -- 
Raymond Hill 2.9 A 1.0 -0.4 h 1.0 -- 5.0h3.2 0.2k1.7 -- 
Chino 0.3 f 1.3 -1 .O h 0.9 -- -0.2 * 1.3 -2.8 f 0.8 -- 
Puente Hills Thrust -2.5f1.0 -1.7h0.8 3.2f0.9 1.4kl . l  -- -- 
Cucarnonga 5.1 h 1.5 0.8 h 1.8 7.6h1.6 3.3k1.5 -- -- 
Hollywood Hills 2.9 * 0.9 -- 0.4 * 1.9 -- -- -- 
Santa Monica Mtns 2.6 h 1.4 0.6 h 1.7 -0.4 * 2.2 -3.1 2.2 -- -- 
Sierra Madre (north) -1.8 1.5 -- 9.5 k 2.4 -- -- -- 
Sierra Madre (south) -1.9 k 1.2 -0.6 h 1.8 2.7 A 2.4 4.1 h 2.8 -- -- 
Santa Susana -1.7 h 1.3 1.2 A 1.6 12.4 k 2.5 3.5 h 2.2 -- -- 
San Cayetano -1.8h 1.3 -7.8k 1.7 4.9k2.1 2.0k4.3 -- -- 
Oak Ridge 7.3 f 1.4 14.2 k 1.6 7.6 f 2.2 9.7 * 2.6 -- -- 
White Wolf -1.2f1.3 0.4h1.6 3.7f1.7 2.1*2.9 -- -- 
North Frontal 0.9 f 1.7 2.2 h 2.1 5.2 f 3.0 9.8 * 2.9 -- -- 
Coastal Ranges Split -6.0 + 1.5 - 12.0 k 1.8 -- -- -1.0 f 1.0 2.4 h 1.2 
San Gabriel -1.0 2.3 1.1 k 2.0 --- -- 0.5 h 2.1 0.6 h 1.7 
Garlock (west) 4.4 k 1.2 2.2 A 1.7 -- -- 4.4 * 1.5 5.7 k 2.3 
Garlock (central) 1.1 h 1.6 4.2 l 0.2 -- -- 0.1 f 1.4 2.8 k 2.3 
Garlock (east) 0.6 k 1.9 8.9 k 3.6 -- -- -5.5 f 1.4 1.3 3.3 
Blackwater-Landers -2.3 k 0.7 -- -- -- 0.1 h 1.2 -- 
Helendale -1.7k1.0 -2.2h0.9 -- -- -2.3 A I. 1 0.2 A 1.2 
Goldstone -13.5 * 0.8 -10.1 l 1.0 -- -- 0.0 h 1.4 -0.9 k 3.9 
Eastern Mojave (2) 0.5 * 0.9 -- -- -- -1.5 * 0.8 -- 
Nevada Split 0.7 f 0.6 -- -- -- -2.5 + 0.6 -- 
Airport Lake -6.7 1.1 -- -- -- 1.Oh 1.5 -- 
Owens Valley -3.6 k 0.9 -4.1 k 1.4 -- -- -0.5 * 0.8 -1.9 A 1.1 
Panamint Valley -3.1 * 1.3 -2.5 5 1.4 -- -1.1 2.5 -3.5 * 1.2 -- 
Death Valley -2.6 h 1.2 -2.3 * 1.9 -- -- -0.6 A 0.9 -2.8 1.2 
Fish Lake -6.0 2.1 -- -- -- -1.1 h 1.0 -- 
Table 3: Selected slip rates (mmlyr) from Meade and Hager (2005) and our geodetic model. Meade and 
Hager's rates are from a geodetic model with Mojave block geometries shown in red in Figure 17. Positive 
values are left-lateral strike slip and convergence. Negative values are right-lateral strike slip and divergence. 
Figure 11: Velocity field showing the difference between the residual velocities in Meade and Hager (2005) 
and the residual velocities in our geodetic model. The large arrows at 34.4 N represent substantial differences 
in the residual data near the Santa Susana and San Cayetano faults. In the San Jacinto block, it is evident 
that the block has a slight difference in rotation rate between the two models.. :- - 1  1 
Also evident in Figure 1 1 is a difference in rotation of the northern San Jacinto block 
located at approximately (34N, 242.5E). The counterclockwise trend of these velocity vectors 
suggest that our San Jacinto slip rate may be faster than Meade and Hager's. As expected, results 
along the San Jacinto fault differ between the two models; our geodetic model estimates a right 
lateral slip of 18.8 1 .O rndyr, and Meade and Hager estimate 12.5 * 1.2 mmlyr. 
Because our model differs from Meade and Hager solely in block geometry, a 
comparison of the two models will show how blocks_spl can be used to contrast slip rate 
estimates from different geometric configurations. We subtract the residual velocities of our 
model from the residual velocities of Meade and Hager to show where the two models disagree 
(Figure 12). 
In areas where the geometries of the two models are similar (e.g. Death Valley), the 
differences in both the residual and model velocities are minimal; thus, a more realistic fault 
trace will produce results similar to a simplified geometry. In other words, an overly complicated 
fault geometry will only have a major effect on the run time of the model. A simpler model can 
provide analogous slip rate results while reducing the model's run time. 
4.2 Adding geologic constraints 
In order to closer match our model results to expected geologic slip rates, we included 
several a priori geologic constraints in a joint geologic and geodetic inversion. The primary 
changes in model results occur in the San Bemardino block and San Jacinto block, evident in 
Figure 13. The residual velocities of our purely geodetic model (Figure 14) are slightly lower 
than the residual velocities of our joint geologic and geodetic model (Figure 1 5)' evident in the 
slight increase (6%) in  IDO OF, from 2.062 to 2.189. However, given that the changes in 
residual velocities are minimal, we conclude that imposing our apriori constraints on our 
geodetic model does not jeopardize the statistical significance of our results. 
r. ; Longitude 
Figure 12: Arrows show the difference between the residual velocities of Meade and Hager (2005) and the 
residual velocities of our geodetic model. The residual velocities of the models are similar in the majority of 
the Eastern California Shear Zone, with major differences occurring in the Transverse Ranges and near the 
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Figure 13: Resulting velocity vectors when residual velocities of our geodetic model are subtracted from 
residual velocities of our joint geologic and geodetic model. It is clear that the primary discrepancies between 
the two sets of residual velocities occur in the San Jacinto and San Bernardino blocks. Our apriori geologic 
rates along the SAF - San Bernardino and the North Frontal fault zone result in significant differences 
between the models near the SAF - San Bernardino area; these differences propagate into the San Jacinto 
block. Similarly, the Owens Valley block has an obvious difference in rotation rate between the two models. 
Figure 14: Residual velocities for our geodetic model. The smaller blocks in the Transveae Ranges have a 
high density of velocity stations and display residual velocities up to 5 mm/yr. I 
Figure 15: Residual velocities of our joint geologic and geodetic model. Velocity vectors are typically under 5 
mmlyr, although there are several instances where the residual rates are slightly higher. 
4.2.1 San Andreas Fault 
Between our geodetic model and our joint geologic and geodetic model, the slip rates 
along the SAF do not vary substantially to the north of the San Bernardino Mountains or to the 
south of the Salton Sea block. Both models have apriori tensile constraints of 0.0 1.0 d y r  
along the SAF in the Mojave and near Parkfield. Our joint geologic and geodetic model has an 
additional a priori constraint of 33.9 k 2.9 m d y r  (right lateral slip) along the SAF near the 
Parkfield 1 N. Carrizo area. 
Variation along the SAF between our two models occurs along the SAF - San Bernardino 
Mountains as well as the SAF - Salton Sea. The changes in both segments are due to apriori 
constraints imposed upon the San Bernardino block, which will be discussed below. 
Our joint model estimates a slip rate of 37.7 k 0.5 rnm/yr along our northernmost SAF, 
34.1 0.2 m d y r  near Parkfield and the N. Carrizo area, 24.3 2.1 m d y r  along the S. Carrizo 
area, 18.6 k 1.2 d y r  for the SAF - Mojave, 9.5 1.4 m d y r  for the SAF - San Bernardino, 
22.1 * 1.6 m d y r  near the Salton Sea, 38.7 k 0.8 m d y r  for the SAF - Imperial, and 40.9 k 5.7 
m d y r  along the SAF - Cerro Prieto. Our Parkfield and Carrizo rates agree with Sieh and Jahns 
(1984). Sieh (1984) found a minimum slip rate of 9 mm/yr in the Mojave area, but other studies 
within the Mojave area estimate SAF slip rates of 30-40 mrdyr (e.g. Salyards et al., 1992). 
4.2.2 San Bernardino Mountains 
The SAF is somewhat complex in the San Gorgonio Pass area near the San Bernardino 
Mountains, splaying into a north and a south branch just east of the city of San Bernardino 
(Petersen and Wesnousky, 1994), but the SAF is understood to still have at least 11 m d y r  right 
lateral slip in this region (Harden and Matti, 1989). Our geodetic model displays a left lateral slip 
rate of 1.8 d y r  along the SAF in this area (Figure 10). However, in our joint geologic and 
geodetic model, we have assigned a loose geologic constraint of 10.0 k 10.0 mm/yr right lateral 
slip to the SAF to force the resulting model slip rates to better conform to field observations. 
Furthermore, because constraining the SAF has an effect on the surrounding faults, we also 
assigned a loose geologic constraint of 3.0 k 3.0 mmlyr thrust on the North Frontal Zone to force 
it to maintain a low thrusting rate (Jennings, 1994). Including these constraints in our joint 
geologic and geodetic inversion model results in a right lateral slip rate of 9.5 k 1.4 mrnlyr along 
this segment of the SAF. This rate is significantly higher than the rate given by Meade and 
Hager, but it still falls short of the rates measured by Harden and Matti. However, given the 
limited number of velocity stations within the San Bernardino block as well as the fact that the 
area is somewhat geologically complex and uncertain, we accept the low slip rates resulting fiom 
the joint geologic and geodetic model. 
4.2.3 Garlock and White Wolf Faults 
Based on seismicity depths given in Petersen and Wesnousky (1994), we have assigned a 
locking depth of 25 km to the westernmost segment of the Garlock fault, with the locking depths 
for the remaining segments set to 15 km. Our geodetic model shows an average left lateral slip 
rate of 4.2 k 2.3 mmlyr along the Garlock fault (with the rate increasing as the fault progresses 
fiom west to east), as well as a thrust rate of 2.1 k 2.9 mm/yr along the White Wolf fault. Our 
joint geologic and geodetic model, which includes a geologic constraint of 6.5 k 2.5 rnm/yr (left 
lateral slip), gives an overall average result of 6.5 k 2.0 mm/yr along the Garlock fault and 1.8 k 
2.9 mm/yr along the White Wolf fault. In both models, the strike-slip rate along the White Wolf 
fault is minimal. 
The Garlock fault can be W h e r  subdivided into West, Central, and East segments. The 
westernmost portion, which separates the White Wolf and Mojave blocks, has a relatively low 
slip rate of 2.2 k 1.7 mm/yr in our geodetic model and 3.1 k 1.5 mmlyr in our joint geologic and 
geodetic model. The central Garlock contains an apriori geologic constraint of 6.5 k 2.5 rnm/yr 
in our joint geologic and geodetic model, increasing its geodetic model slip rate of 4.2 0.2 
mmlyr to a joint model slip rate of 7.1 * 0.1 mmlyr. A higher slip rate occurs along the eastern 
Garlock, with an average slip of 8.9 * 3.6 mmlyr in our geodetic model and 12.8 * 3.5 rnmlyr in 
our joint geologic and geodetic model. 
4.2.4 Palos Verdes and Coronado Banks Faults 
Our results along the Palos Verdes fault zone and Coronado Banks fault zone are 
consistent with Jennings (1994). These faults dip to the northeast and are subdivided by the 
Oceanside fault (Figure 16). The sense of motion along these faults is not known well, but 
Jennings (1 994) estimated right lateral slip along both faults, with a questionably thrusting sense 
of motion along the Palos Verdes fault zone and a questionably normal sense of motion along the 
Coronado Banks fault zone. Our geodetic model has right lateral slip along both faults, with an 
additional thrust component on the Coronado Banks fault zone. The Palos Verdes fault zone has 
a normal component of 1.9 k 3.3 mdyr ,  but given the uncertainty on this value, our geodetic 
model cannot give conclusive evidence toward either a normal or thrusting sense of dip slip 
motion. Our joint geologic and geodetic model gives similar results, with both faults having right 
lateral slip as well as a thrusting sense of dip slip motion along the Coronado Banks fault zone 
and an uncertain sense of dip slip motion along the Palos Verdes fault zone. 
4.2.5 Owens Valley, Panamint Valley, and Death Valley Faults 
North of the Eastern Garlock fault lie the Owens Valley, Panamint Valley, and Death 
Valley fault zones. Our model geometries in this area are similar to Meade and Hager (2005), 
with the exception of the dip of the Panamint Valley fault, which is 60 degrees in our model and 
90 degrees in Meade and Hager. As is expected when locally comparing two geodetic models 
with nearly identical block geometries, the slip rate results of our model and Meade and Hager's 
model are similar along these faults. Meade and Hager estimated right lateral slip rates of 3.8 f 
0.8 rnmlyr along the Owens Valley fault, 3.0 f 1.3 rnmlyr along the Panamint Valley fault, and 
2.3 1.2 m d y r  along the Death Valley fault, and our geodetic model estimates rates of 4.1 k 1.4 
mmlyr along the Owens Valley fault, 2.5 k 1.4 m d y r  along the Panamint Valley fault, and 2.3 * 
1.9 mmlyr along the Death Valley fault. 
Our joint geologic and geodetic model imposes an apriori right lateral slip rate constraint 
of 2.0 * 1.0 m d y r  on one segment of the Owens Valley fault, resulting in overall right lateral 
slip rates of 2.6 A 1.0 d y r  along the Owens Valley fault, 1.6 k 1.8 d y r  along the Death 
Valley fault, and 3.4 k 1.3 d y r  along the Panamint Valley fault. The constraint on the Owens 
Valley fault changes the rotation rate of the Owens Valley block, evident in Figure 13. For the 
Owens Valley and Death Valley faults, our joint geologic and geodetic model results are closer 
to expected geologic rates than the purely geodetic model results. The magnitudes of the residual 
vectors are similar (Figures 14 and 1 9 ,  but their directions are different (Figure 13), showing 
that the two models provide a similar fit to the local geodetic data. 
Figure 17: Fault segments within the Mojave area. Segments in red delineate the geometry of Meade and 
Hager (2005). Segments in blue are our fault selections. 
4.2.6 Mojave area 
Figure 17 shows the Mojave block geometry from Meade and Hager (2005) 
superimposed onto our geometry. The locations of the San Andreas and Garlock faults are nearly 
identical (with the exception of the SAF in the San Bemardino Mountains area). The Lockhart, 
Helendale, North Frontal, and Death Valley faults are also quite similar between the two models. 
The most striking difference between the models is in the eastem Mojave. In addition to 
the inclusion of the Coyote Lake and Ludlow faults in our model, the locations of the Blackwater 
and Avawatz faults vary greatly between the models. Furthermore, we have selected the Calico 
fault rather than the Landers fault to connect the Blackwater fault to the North Frontal fault zone. 
Despite the drastic difference in block geometries in the Mojave area, both models in 
Figure 17 produce statistically comparable results. We adapted our geodetic model by replacing 
our Mojave area segments with the Mojave segments from Meade and Hager (2005). The 
resulting J?/DOF was 2.181, which is higher than the resulting 2 1 ~ 0 ~  from our geodetic 
model, but still lower than the 2 1 ~ 0 ~  from our joint geologic and geodetic model. From the 
residual velocities and resulting slip rates in Figure 18, it is apparent that the Mojave geometry of 
Meade and Hager is another block configuration that produces a statistically feasible geodetic 
model, although its fault locations and slip rates differ from our model. 
I I I I I I 
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Figure 18: Residual velocities of our model with Meade and Hager's geometry within the Mojave area. The 
residual velocity vectors are small enough to consider this a statistically acceptable block geometry. 
In areas of the Mojave where velocity data is sparse, our apriori geologic constraints 
, , A  A 
help refine our geodetic slip rate model results. We have included a left lateral slip constraint of 
6.5 2.5 rnmlyr along the Garlock fault and a right lateral slip constraint of 0.8 0.5 mmlyr 
along the Helendale fault, as well as our previously stated constraints on the San Bernardino 
block. We expect that the changes in our results are due to the inclusion of these near-field 
Table 4: Slip rates of selected faults in the Mojave Area. "Relative Change" refers to the change in the model 
results when apriori geologic constraints are imposed. A right lateral change means the slip rate has shifted 
to either a higher right lateral (negative) rate or a lower left lateral (positive) rate. Similarly, a left lateral 
change occurs when the slip rate has shifted to either a higher left lateral rate or a lower right lateral rate. 
"Closing" means the tensile rate becomes more positive with apriori constraints, and "Opening" refers to a 









constraints (rather than other far-field constraints). Table 4 highlights the changes in selected 
Moj ave area faults. 
It is evident that the strike slip rates along the Hidalgo, Calico, and Goldstone faults are 




-0.6 k 0.7 
-1 1.7 * 0.9 
-10.1*1.0 
-2.2 * 0.9 
-10.9 * 0.7 
-2.3 * 1.1 
-4.7 * 1.5 
strike slip rate along the Goldstone fault in Meade and Hager (2005) is similarly high (- 13.5 k 
0.8 mmlyr). We agree with Meade and Hager that these high rates suggest that the majority of 
the relative motion between the North American and Pacific plates that is accommodated within 
the Mojave area is concentrated to the east of the Blackwater fault. However, because our block 
geometries differ to the south of the Coyote Lake fault, our slip rates along the Calico and 
Joint Geologic1 
Geodetic 
Strike Slip Rate 
-1.5 * 0.6 
-12.8 * 0.8 
-11.3*1.0 
-0.8 * 0.8 
-12.2 * 0.6 
-1.1 * 0.7 
-5.5 * 1.5 
Hidalgo faults are much higher than Meade and Hager's rate along their Blackwater and Landers 
faults. The motion that is accommodated solely by the Goldstone fault in Meade and Hager's 
model is transferred westward to the Calico and Hidalgo faults in our model. 
The Calico and Hidalgo faults are expected to produce similar strike slip results because 
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-3.0 k 0.2 










Calico and Hidalgo faults suggest that the block is rotating counterclockwise, i.e. converging in 
the north and diverging in the south along the Calico-Hidalgo boundary. 
5. Conclusions and Future Work 
The CBM and CFM can still be adapted to accommodate the nuances of our modeling 
scheme. In particular, our model is better suited to slightly larger blocks than given in the CBM, 
particularly in areas with sparse geodetic data. Along the same lines, a simpler fault geometry 
that maintains the general block shape and relative velocity station locations will produce quality 
results in a more efficient manner. The next step to refine our model and make it more user- 
friendly is to import the entire CBM to reduce the number of fault segments. If the smaller 
blocks of the CBM still appear necessary to produce realistic results, we can impose more 
geologic constraints in the absence of sufficient geodetic data. 
Our model suggests that the faults in the Mojave area account for a significant portion of 
the relative motion between the Pacific and North America plates. The eastern Mojave area 
(within the Calico block) appears to be accommodating a large part of this motion through strike 
slip faulting along the Calico and Hidalgo faults as well as the Goldstone fault. Because these 
faults are not well-constrained geologically and the velocity data in the area are sparse, it is 
possible that there are other faults in the Mojave that account for some of this motion, and we 
have simply not included them in our model. However, our data and block configurations predict 
a high overall slip rate east of the Blackwater fault. 
The San Andreas fault is moving slowly in the San Bemardino Mountains area; the lost 
right-lateral slip rate is accommodated in our model by a higher slip rate along the San Jacinto 
fault as well as in the eastern Mojave area. Our slip rate of 9.5 1.4 mmlyr is lower than rates 
that have been previously observed in the field. This area lacks a satisfactory array of velocity 
stations, and it would be prudent to obtain a more complete data set to find out if indeed this part 
of the SAF is moving so slowly on a geodetic time scale. This area deserves more attention in 
order to determine whether or not a significant local seismic hazard exists. 
In addition to the low slip rate along the SAF, we find evidence of two structures in the 
Coastal Ranges that are unaccounted for in the CBM. These structures represent deformation that 
is not expressed as a surface rupture. We find that dividing the CBM's Coastal Range block into 
three blocks provides a more statistically accurate set of model results. 
Once a block model is obtained that sufficiently satisfies the geodetic data, a priori 
geologic constraints can refine the model in areas where geodetic data is sparse. However, more 
widespread coverage of reliable velocity stations will give more consistent results and provide 
evidence for more recent seismic hazard risks that aren't apparent in long term geologic rates. 
The model should maintain general consistency with well known long term geologic rates, but 
only if the residual velocities and  IDO OF remain low enough so that the model is still 
statistically significant. Our results are a step along the path toward a reliable seismic hazard 
model. 
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Appendix A: Segment File 
We converted the CFM and CBM fault segments from UTM 1 1 coordinates to latitude 
and longitude coordinates. Segments that have been imported fiom the surface trace of the CFM 
are labeled as faultname-tracefaultnumber. We have preserved the fault names used in the 
CFM. The fault numbers were assigned when the fault segments were imported fiom the CFM 
and converted from UTM 11 to latitude and longitude coordinates. 
The CFM faults in UTM 11 coordinates contain a series of vertices delineating the trace 
of each fault. We first converted each vertex to latitude and longitude coordinates. Then, we 
separated each fault into sequentially numbered, individual fault segments with endpoints given 
by the vertices. However, because blocks_spl rounds coordinates to the nearest .001 degree, the 
high detail of the CFM faults often produced fault segments with lengths of 0. We first 
eliminated all of these zero length segments. Then, we merged adjacent fault segments that were 
very small (less than 0.005' total length) or had similar slopes upon graphic inspection. When 
segments with the same fault name were merged, the name of the segment with the lower 
number was kept. For example, channel-islands-trace-2 1, channel-islands - trace - 22, and 
channel-islands-trace-23 were merged into one segment, using the northernmost endpoint from 
channel - islands-trace-2 1 and the southernmost endpoint from channel-islands-trace-23. The 
merged segment is listed in our file as channel-islands-trace-21. Segments for CFM faults 
without "trace" in the name (e.g. channel-islands-00) connect the CFM faults with surrounding 
faults to create a closed block geometry. 
CBM faults are labeled as faultname-number. Faults were imported from the CBM in the 
same manner, but the CBM faults are less detailed and thus did not need to be merged. 




































































coronado-ban ks-trace-I 2 
co ronado~bank~~ t race~ l5  
co ronado~bank~~ t race~ l6  















































































































































































































































































































































































































































































































































































































































































































































































furnace-cree k-trace-I 0 
furnace-cree k-trace-12 
furnace-creek-trace-2 I 
fu rnace-cree k-trace23 
fu rnace-cree k-trace-26 
furnace-creek-trace27 
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fu rnace-cree k-trace-3 I 
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fu rnace-cree k-trace-42 
furnace-cree k-trace-43 
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oa kridge-on-trace-I 0 
oakridge-on-trace-I 2 
oa kridge-on-trace-I 3 
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san-clemente-trace-I 1 0 
san-clemen te-trace-I 30 
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white-wolf-trace-I 2 















wh ite-wolf-trace-3 1 
wh ite-wolf-trace-32 
w hite-wolf-trace-33 
white-wolf-35 
white-wolf-36 
241.967 
204.097 
162.871 
162.871 
252.514 
145.025 
142.758 
131.169 
124.115 
124.115 
164.764 
162.912 
242.663 
242.773 
242.776 
242.799 
242.799 
242.833 
242.855 
242.892 
242.997 
243.011 
243.062 
241.462 
241.452 
241.414 
241.413 
241.41 
241.403 
241.398 
241.388 
241.375 
241.356 
241.341 
241.328 
241.298 
241.285 
241.275 
241.265 
241.258 
241.25 
241.221 
241.214 
241.189 
241.172 
241.159 
240.926 
240.756 
241.525 
36.41 
-69.387 
-57.774 
-57.774 
-42.884 
41.058 
34.025 
29.806 
3.316 
3.316 
-7.061 
55.592 
34.207 
34.345 
34.371 
34.369 
34.405 
34.439 
34.444 
34.441 
34.396 
34.382 
34.365 
35.322 
35.321 
35.293 
35.287 
35.282 
35.276 
35.269 
35.264 
35.265 
35.256 
35.246 
35.234 
35.22 
35.211 
35.208 
35.212 
35.209 
35.201 
35.179 
35.17 
35.148 
35.138 
35.126 
34.992 
34.875 
35.385 
241.98 
252.514 
180.29 
204.097 
259.341 
162.912 
145.025 
142.758 
131.169 
164.764 
180.29 
190.538 
242.773 
242.776 
242.799 
242.799 
242.833 
242.855 
242.892 
242.997 
243.011 
243.062 
243.148 
241.525 
241.462 
241.452 
241.414 
241.413 
241.41 
241.403 
241.398 
241.388 
241.375 
241.356 
241.341 
241.328 
241.298 
241.285 
241.275 
241.265 
241.258 
241.25 
241.221 
241.214 
241.189 
241.172 
241.159 
240.926 
242.105 
latitude2 
36.507 
-42.884 
-36.871 
-69.387 
1.742 
55.592 
41.058 
34.025 
29.806 
-7.061 
-36.871 
57.203 
34.345 
34.371 
34.369 
34.405 
34.439 
34.444 
34.441 
34.396 
34.382 
34.365 
34.371 
35.385 
35.322 
35.321 
35.293 
35.287 
35.282 
35.276 
35.269 
35.264 
35.265 
35.256 
35.246 
35.234 
35.22 
35.21 1 
35.208 
35.212 
35.209 
35.201 
35.179 
35.17 
35.148 
35.138 
35.126 
34.992 
35.88 
dip 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
45 
45 
45 
45 
45 
45 
45 
45 
45 
45 
45 
45 
45 
45 
45 
45 
45 
45 
45 
45 
45 
45 
45 
45 
45 
45 
45 
45 
45 
45 
45 
45 
45 
45 
45 
45 
45 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
